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摘要
在实际工业过程中，PID控制器仍然是目前应用最广泛的控制器。在实际的
控制回路中，超过95%的控制器仍是PID控制器。PID控制器参数整定直接关系
到控制系统性能的好坏。目前国内外学者多是在控制对象标称模型下对PID控制
器进行优化整定的。然而对于实际工业过程，由于各种扰动、非线性的影响，
控制对象参数不确定性是客观存在的，此外实际控制系统还存在各种物理的、
硬件的约束。而控制系统的方差性能与系统经济效益直接相关。因此，本文的
研究工作主要解决在参数不确定性以及控制输入饱和约束这两种情况下基于最
小方差性能的PID控制器参数优化整定问题。
针对参数不确定系统(parametric uncertain system)的最小方差PID参数优化整
定，由于参数的不确定性导致系统的性能也是不确定的，因此选取系统在参
数不确定性域(uncertainty set) 内方差性能的期望值作为PID参数优化问题的目
标函数。而性能的期望值的计算涉及到十分复杂的多重积分计算。因此引入
随机化算法，对不确定性参数依其概率密度进行采样，生成足够的样本，用
样本对应的系统方差性能的均值，即所谓的经验均值(empirical mean) 代替方
差性能的期望值来作为优化的目标函数，避免了繁重的多重积分计算。当样
本量足够大时，以经验均值为优化目标函数整定出的控制器参数会在给定的
概率精度和置信水平收敛于最优参数。最后对设计的最优PID控制器进行概率
性能验证(probability performance verification)，从概率的角度来描述所设计的最
优PID控制器的控制性能。
而在控制输入约束(input constraint)下，输出方差与PID参数的函数解析式
无法得到，因此就无法进行参数优化。而在前人的文章中已经对控制输入受饱
和约束的最小方差控制进行了研究，这种约束的最小方差控制率包含了两部
分，系统偏差相关项和过去输入项，这种结构与预测PID (predictive PID)的控制
结构相近。因此本文改进了预测PID的控制结构，让这种预测PID控制器的预测
部分与约束最小方差的过去输入项相同，而让PID部分与约束最小方差控制器系
统偏差相关项部分的传递函数误差的二范数平方最小，从而获得PID部分的参数
优化整定。最后通过仿真实验证明这种约束的预测PID控制器针对有约束的系统
的控制性能要远远优于常规的最小方差PID控制器。
关键词：参数不确定性； 输入饱和约束； 离散时间系统； PID控制； 最小方
差； 参数优化整定
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Abstract
PID control is still the most widely used control strategy in the actual industrial
process control, while lots of advanced control strategies emerge in endlessly. More
than 95% of the controller being used is PID controller in the actual industrial process.
The PID controller parameters tuning is directly related to the performance of control
system. Many scholars at home or abroad design optimal PID controller parameter-
s base on the nominal model of control system, and usually do not consider physical
constraints in the actual control system. However, in actual control system, the para-
metric uncertainty and physical constraints always exist. And the variance performance
of control system is directly related to economic profit. Therefore, It is meaningful to
take parametric uncertainties and control input saturation constraint into consideration
while tuning the parameters of PID controller based on the minimum variance perfor-
mance index.
For PID controller parameters optimization design in parametric uncertain sys-
tems, the objective function for optimization is transformed into expectation of the
variance performance in the parametric uncertainty bound. While the expectation of
the variance performance involves complicated multiple integral calculation. Thus we
introduce randomized algorithms. Utilize the so-called empirical mean of the variance
to replace the expectation as the objective function for optimization. The controller
parameters designed by optimizing the empirical mean will close to that designed by
optimizing expectation with the prior given accuracy and confidence level. Finally, a
probabilistic performance verification is done for the optimal designed PID controller.
As for input situation constraint, it is hard to get the analytical function between
the variance performance and the PID parameters. So the parameter optimization can’t
not be conducted. The minimum variance control problem under input saturation con-
straint has been solved by Goodwin. Its structure is similar to a kind of predictive PID
controller. Base on the work of Goodwin, we propose an improved version of predictive
PID controller to approach the performance of the constrained minimum variance con-
troller. Finally, simulation results prove that the constrained predictive PID controller
performs much well than the conventional minimum variance-based PID controller sub-
ject to input saturation constraint.
KeyWords: parametric uncertainty; input saturation constraints; discrete-time sys-
tem; PID control; minimum variance ; optimization tuning
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